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As a key component of Organic Rankine Cycle system(ORC), the performance analysis of the scroll expander is 
critical for the whole system, and the force analysis of the orbiting scroll tooth plays an important role in the output 
performance of the expander. In this study, CFD based 3D unsteady flow numerical simulation is performed on 
scroll expander. The flow characteristics, mechanical properties and output torque and power under different speeds 
for the scroll expander are analyzed in detail. Local reconfiguration with dynamic mesh technology and working 
fluid R134a are used in the performance analysis. The analysis shows that the mass flow rate of inlet and outlet 
increases with the raise of shaft speed, the output torque of expander decreases with the raise of shaft speed, and the 
output power increases gradually. When the expander speed and outlet pressure are constant, the output torque and 




In recent years, scroll expander with its simple structure, high efficiency, low noise, small vibration and other 
advantages, is widely used in the field of low temperature heat recovery organic Rankine cycle system. The scroll-
type expanders have drawn much attention and gradually become a promising candidate for small scale low grade 
heat utilizations [1]. Especially in micro and small-scale ORC systems have employed scroll expanders. As a key 
component of the system, the operation characteristics, output performance and optimization of the scroll expander 
have a great influence on the output of the ORC system. Many scholars have done a lot of research work on the 
theoretical model and experimental test for the performance optimization of scroll expander(Morini M et al. 
[2],Lemort et al. [3],Declaye et al. [4]). In the recent experimental research of scroll expander, three types of 
expander are developed, including Hermetic scroll expander, Semi-Hermetic scroll expander and Open-drive 
expander (Wang et al. [5], Bracco et al. [6], Hogerwaard et al. [7], Jradi et al. [8], Tarique et al. [9], Liu et al. [10], 
Quoilin et al. [11],Declaye et al. [12], Twomey et al. [13], Zhou et al. [14], Chang et al. [15], Gao et al. [16]). Most 
of these studies have focused on the performance of scroll machine expansion analysis on the whole, however, it is 
limited by semi-empirical, empirical models and experimental conditions that it is difficult to accurately describe the 
scroll expander internal three-dimensional unsteady flow characteristics of the expander theory research and 
experimental analysis at the present. The unsteady flow characteristic in the cavity has the main influence on the 
output performance of the scroll expander, so it is necessary to study the characteristics of the internal flow field of 
the scroll expander. 
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With the rapidly development of CFD technology, especially the application of dynamic mesh technology, it is 
possible to study the unsteady flow characteristics in the scroll expander cavity. However, considering the 
particularity structure of the scroll expander and the complexity of the dynamic mesh calculation, there are few 
scholars have done some work on the 2D flow field simulation and three-dimensional static flow field simulation of 
the scroll expander. Yang Xinghua et al. [17] established the two-dimensional model of the internal flow field of the 
scroll expander, and studied the uneven distribution of the pressure and velocity of the unsteady flow in the 
expander; Pan et al. [18] established the two-dimensional transient CFD of the scroll expander, and analyzed the 
performance of the scroll expander under different inlet conditions with R123 as working fluid; Chieh Chang et al. 
[19,20] analyzed the two-dimensional flow field of three kinds of scroll-type expander and obtained the influence of 
spindle speed , the pressure of inlet and outlet of the working fluid on the output performance of the scroll-type 
expander; Cui [21,22] made a three-dimensional transient simulation of a scroll compressor using R22 as working 
fluid, and analyzed the flow of working fluid inside the scroll compressor and the tangential leakage; Song Panpan 
et al [23,24] established a 3D CFD simulation of a vortex expander to obtain the influence of the different positions 
of the expander inlet on the performance of a vortex expander and the influence of vortex existing in the center 
expansion chamber on the output torque of expander. 
In this paper, the three-dimensional unsteady flow CFD simulation of the internal flow field of a scroll expander is 
established. Combined with the moving mesh technique, the gas flow characteristics and mechanical properties of 
the scroll expander using the R134a working fluid are analyzed in detail. It provides a theoretical basis for the 
optimal design of scroll expander.  
 
2. PHYSICAL MODEL AND CALCULATION METHOD 
 
2.1 Geometric model 
The scroll expander used in this paper is an integrated expansion and power generation machine. In order to enhance 
the strength of the tip and increase expansion ratio, the EA-SAL is adopted to modify profile head of the scroll 
expander. Figure 1 shows the schematic diagram of the scroll expander modeling, the structural parameters are 
shown in Table 1.  
 










International Compressor Engineering Conference at Purdue, July 9-12, 2018 
Table1: Parameters of the scroll profile. 
Parameters Value 
Base circle radius br  2.387mm 
Pitch P  15mm 
Thickness t  3.3mm 
Height H  20mm 
Ending angle of the scroll profile e  17.73rad 
Radius of big modification arc 1OR  4.13mm 
Radius of small modification arc 2OR  1.02mm 
Modification line length L  5.71mm 
 
2.2 Governing equation and Dynamic mesh 
The working process of scroll expander belongs to the coupling problem of flow and heat transfer. The fluid should 
meet the law of conservation of physics when it is in motion. The governing equations including continuous 
equations, momentum equations and energy equations are solved. 
A 3D model of the working chamber for scroll expander is built using SolidWorks. The mesh is divided by ANSYS 
meshing. In order to ensure the accuracy of simulation calculation and take into account the particularity of the 
three-dimensional model, the SWEEP method is used to divide the working chamber of the expander. Mesh division 
as shown in Figure 2. The computational domain consists of a working chamber and a connecting pipe, with a total 
of 7.8x10
5
 grids. The interface between the chamber and connecting pipe is connected, and the surface grid of the 
chamber adopts the triangular grid. In order to ensure the smooth progress of the moving grid calculation, the elastic 
and smooth local reconstruction 2.5D. This paper uses a compiled User-Defined Function (UDF) to define the 
revolving motion of the orbiting scroll. 
 
Figure 2: Computation domain of the scroll expander 
2.3 Calculation method 
The inlet and outlet process of the gas flow for scroll expander in the expansion process is unsteady turbulent flows, 
especially, there is a large amount of vortex flow in the inlet, the turbulent flow is described by RNG model, the 
standard wall function is used in the near wall area and the wall is non-slip grid. The governing equations are 
discretized by the finite volume method, the convection terms are discretized by the second-order upwind scheme, 
the diffusion terms are discretized by the central difference scheme, and the PISO algorithm is used for the coupling 
of pressure and velocity. The standard turbulence k   model is the most widely used in two-equation model and it 
is consists of two equations including the k  equation (turbulent kinetic energy transport equation) and   equations 
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2.4 Parameters setting 
According to the actual working conditions of the scroll expander, the inlet and outlet are respectively set as a 
pressure inlet and a pressure outlet. The area overlap uses the interface boundary type and the rest uses the wall 
boundary type. In this paper, the NIST-Real-Gas model in the Fluent material model is used to select R134a as the 
working fluid for the scroll expander. The energy term residual is set to 1e-5 and the other settings are 1e-3, the 
import and export mass flow is monitored. When the residuals satisfy the condition of convergence and the 
parameters of inlet and outlet flow change cyclically in each cycle, it is considered that the calculation converges. 
The simulation conditions of scroll expander are shown in Table 2. 
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3. WORKING PROCESS ANALYSIS 
 
 
(a) Pressure                                           (b) Temperature 
 
(c)Velocity 
Figure 3: Distribution of pressure, temperature and velocity 
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According to the simulation results in Table 2, after two cycles are calculated, the cloud charts of pressure, 
temperature and velocity of the flow field inside the expander are obtained as shown in Figure 3 at a rotation angle 
of 270 °. It can be seen from (a) and (b) that the heat energy of the high-temperature and high-pressure working gas 
is gradually converted into electrical energy, the pressure and temperature of the central expansion chamber to the 
exhaust chamber are decreases in turn, and the distribution of non-uniformity. From Figure 3(c), it can be seen that 
the working gas velocity is the largest at the meshing of the spiral teeth and the flow velocity to the exhaust port 
gradually increases. 
Figure 4 shows the variation of the quality of the inlet and outlet working fluids with time during the operation of 
the scroll expander. Figure (a) shows the change in mass flow at the inlet and outlet of the scroll expander at 
different speeds. The higher speed leads to the greater mass flow. As can be seen from the Figure (b), the flow at the 
inlet and outlet of the expander is periodically changed. The change characteristics are consistent with the solution 
of the solution of the literature [24] and the mathematical model [25]. After the high-pressure working medium gas 
enters the suction chamber, the pressure reduced due to the throttling effect of the air inlet. The reduction of the 
pressure and the presence of the leakage result in a decrease in the quality of the center chamber working medium. 
The outlet flow is greater than the inlet flow because of the leakage of the scroll expander during operation. 
 
 
(a) Flow changes under different pressures                                        (b) change of mass 
Figure 4: Variation of mass flow 
 
4. PERFORMANCE ANALYSIS OF THE SCROLL EXPANDER 
 
The analysis of the force has a great significance to the output performance of the scroll expander, include the radial 
force rF  , the axial force aF  and the tangential force tF  as well as the rotation moment rM , overturning moment 
oM  and tangential moment tM  generated by the three forces. The parameters change with the orbiting angle. As 
the shaft rotates, the gas sucked into the expansion chamber is expanded. In the scroll expander structure, the 
orbiting scroll can move between the fixed scroll and the frame, the gas forces and moments acting on it are finally 
transferred to the bearings installed in the orbiting scroll and the frame. The work of the scroll expander mainly 
depends on the effect of tangential force and tangential moment on the orbiting scroll, and the force and moment 
analysis of the expander orbiting scroll is shown in Figure 5. 
 
Figure 5: Gas forces and moments acting on the orbiting scroll 






International Compressor Engineering Conference at Purdue, July 9-12, 2018 
After the calculation of Fluent, CFD-POST post-processing software is used to solve the gas force suffered by 
orbiting scroll. The solving equations of each force and moment are as follows: 
Radial force rF : 
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Figure 6 shows the variation of gas forces and moments with the rotation of the orbiting scroll. It can be seen from 
the figure that the axial force acting on the orbiting scroll is much larger than the tangential and radial forces, and 
the overturning moment is much larger than the other two moments. Compared with the results obtained in [23], the 
accuracy of CFD numerical simulation is verified. 
 
 
(a) gas forces                                                                          (b) moments 
Figure 6: Variation of the gas forces and moments acting on the orbiting scroll 
 
Ignoring the influence of friction torque, CFD numerical simulation is used to study the output torque of the 
expander. The output torque and output power are respectively calculated by the following formulas: 
tT F r                                                                                            (10) 
2 / 60P T n 
                                                                                   (11)
 
Figure 7 shows the characteristic diagrams of the output torque and output power of a scroll expander. It can be seen 
from the Figure 7 that the volume of the working chamber is constantly changing due to the moving of the orbiting 
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scroll, and the tangential pressure difference between the working chambers also changes, resulting in the output 
torque and output power show a downward trend and then upward trend. With the increase of rotational speed, the 
maximum torque is reduced by 0.6N·m and the average torque is reduced by 0.75N·m. Power during the shaft angle 
of 100-320° (scroll expander expansion work phase) gradually increases and the maximum power difference is 
100W. 
 
Figure 7: Output characteristics of scroll expander 
 
Figure 8 shows the different inlet pressure expander output torque and power with the crank angle curve. As can be 
seen from the figure, when the inlet pressure is low, the instantaneous torque and power fluctuations in a small 
period. With the increase of inlet pressure, the fluctuation of torque and power will increase, which is unfavorable to 
the operation stability of expander. In actual operation, the operating pressure ratio of expander should be properly 
controlled to ensure its running stability. 
 




This paper analyzes the three-dimensional unsteady behavior of Organic Rankine Cycle scroll expander using 
R134a as working gas based on CFD moving grid technology and draws the following conclusions:  
(1) Through three-dimensional numerical simulation of unsteady flow, the variation characteristics of flow field 
inside the scroll expander are obtained. The analysis shows that the pressure and temperature distribution of the 
working fluid in the chamber are inhomogeneous due to the blockage of the inlet of the orbiting scroll head and the 
uneven inlet air.  
(2) The result shows that the mass flow rate of inlet and outlet increases with the raise of spindle speed because of 
refrigerant leakage reduction. 
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(3) The radial force, axial force, tangential force, rotation moment, overturning moment and tangential moment of 
expander are analyzed, the axial force is maximum, and the overturning moment is much larger than the other two 
moments. 
(4) With the increase of spindle speed, the output torque of the scroll expander decreases gradually, and the output 
power increases by 100W during the expansion process. When the expander speed and outlet pressure is constant, 
the output torque and output power increase with the increase of inlet pressure. 
NOMENCLATURE 
br  base circle radius                                                                                 (mm) 
,0φi  generating angle of inner scroll   (rad) 
,0φo  generating angle of outer scroll                        (rad) 
,φi s  starting angle of inner scroll   (rad) 
,sφo  starting angle of outer scroll                        (rad) 
kG                             generation term due to the average velocity gradient                           (-) 
bG                             generation term due to buoyancy                                                          (-) 
MY                             the contribution of the fluctuating dilatation                                        (-) 
kS                              user-defined source terms.                                                                    (-) 
S                              user-defined source terms.                                                                    (-) 
n                                indicates the number of each control surface body unit                       (-) 
 N                               expresses the vortex expander speed                                                   rpm 
,t iF                              tangential force exerted on surface element i of the orbiting scroll     N  
,r iF                             radial force exerted on surface element i  of the orbiting scroll           N 
,x iF                             the x  component of the gas force respectively                                    N  
,y iF                             the y  component of the gas force respectively                                    N  
,z iF                              the z  component of the gas force respectively                                    N  
H                               the height of the scroll wrap                                                               (mm) 
0H                              distance between the plane of the scroll plate                                    (mm) 
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